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ABSTRACT 

S t a t e  v e c t o r s  o b t a i n e d  f rom S-band t r a c k i n g  and f rom 

the I U  a r e  u sed  t o  c o n f i r m  the p r e v i o u s  i d e n t i f i c a t i o n  of t h e  

CS:d and S - I V B  i n  S m i t h s o n i a n  P h o t o g r a p h s  of t h e  Apollo 8 m i s -  

s i o n .  T h i s  i s  p r o b a b l y  t h e  f i r s t  t i m e  t h a t  p h o t o g r a p n s  of  

o b j e c t s  on a t r a n s - l u n a r  t r a j e c t o r y  h2ve b e e n  used  t o  t e s t  

tile a c c u r a c y  of s t a t e  v e c t o r s  o b t a i n e d  from r a d a r  t r a c k i n g  

sild i a c r t i a l  g u i d a n c e  t e l e m e t r y .  
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M%MOW\l)UM FOR FILE. 

R e c e n t l y  t h e r e  h a s  been  i n t e r e s t  i n  2 h o t o g r a p h s  o f  tiis 
k p o l l o  8 m i s s i o n  t a k e n  when t h e  s p a c e c r a f t  w a s  about  40,090 km 
f rom t h e  e a r t h  (see,  f o r  example ,  d u f f a l a n o ,  Grobman 1 9 6 9 ) .  
F i g u r e  1 shows o n e  s u z i i  p i io to j r ap i i ,  t ahe l i  f rom San F e r n a n d o ,  
S p a i n  by a Baker-Kunn s a t e l l i t e  t r a c k i n g  camera. T h i s  camera 
i s  p a r t  o f  a ne twork  o p e r a t e d  by t h e  S m i t h s o n i a n  A s t r o p h y s i c a l  
O b s e r v a t o r y  and  i s  a n  f / l ,  2 0 "  a p e r t u r e  S c h m i t t - C a s e g r a i n  
t e l e s c o p e  w i t h  a f i e l d  o f  view of a b o u t  S o .  Tae objec ts  i n  
F i g u r e  1 h a v e  b e e n  i d e n t i f i e d  p r e v i o u s l y  ( B u f f a l a n o ,  Grobman 
1969)  on t h e  bas i s  of a rguments  d e p e n d i n g  on t h e  nomina l  p o s t  
t r a n s - l u n a r - i n j e c t i o n  m i s s i o n  s e q u e n c e  f o r  A p o l l o  8 .  I n  p a r -  
t i c u l a r ,  O b j e c t  2 was i d e n t i f i e d  as t h e  S - I V B  ai id  O b j e c t  3 as 
t h e  CSA.  

I n  t h e  p r e s e n t  memorandum w e  c o n f i r m  this i d e i i t i f  i c a -  
t i o n  i l s i n g  s t a t e  vectors  o b t a i n e u  f rom GSFC and L%FC.* T h i s  i s  
done  by d e t e r m i n i n g  where  o b j e c t s  a t  t h e  p o s i t i o n s  g i v e n  by tile 
S-IVL3 and CSM s t a t e  vectors  would a p p e a r  a g a i n s t  t h e  s t e l l a r  
background as s e e n  by a n  o b s e r v e r  a t  San Fe rnando ,  S p a i n .  T i i e s e  
* p o s i t i o n s  p r e d i c t e d  on tile b a s i s  of t h e  state -;rctcrs ca:; + : - d > ~  i A l . - l .  

L e  compared w i t h  t n e  p o s i t i o n s  of t h e  ob jec ts  s e e n  i n  t h e  Baker -  
idunn p h o t o g r a p h s .  

T h i s  p r o c e d u r e  was f o l l o w e d  f o r  a p a r t i c u l a r  Smitii- 
s o n i a n  p h o t o g r a p h  -- one  t a k e n  a t  18 :21 :11  u n i v e r s a l  t i m e  
( a b o u t  5-1/2 h o u r s  a f t e r  l a u n c h ) .  
c e d u r e  f o l l o w e d  i s  g i v e n  i n  tile Appendix ,  wnich a l s o  c o n t a i n s  .. 
a d i s c u s s i o n  of t h e  s o u r c e s  of e r ro r  i n  t h e  r e s u l t s .  

A b r i e f  summary of t h e  p r o -  

The S m i t h s o n i a n  O b s e r v a t o r y  h a s  measured t h e  p o s i t i o n s  
of Objec ts  2 and  3 i n  t h e i r  p i c t u r e  t a k e n  a t  18:21:11  u n i v e r s a l  
time. I n  J a n u a r y  1, 1969 c e l e s t i a l  c o o r d i n a t e s  t h e s e  p o s i t i o n s  
are : 

R i g h t  A s c e n s i o n  305.9720O 
D e c l i n a t i o n  1.8661O O b j e c t  2 :  

' Object  3: R i g h t  A s c e n s i o n  
D e c l i n a t i o n  

306.0155O 
1.8172O 

*The CSM s t a t e  vector w a s  o b t a i n e d  from S-band r a n g e  and - 
range ra te  d a t a ,  whi le  t h e  S-IVi3  s t a t e  vector  came f rom t n e  
i n e r t i a l  g u i d a n c e  s y s t e m  on t h e  S-IVB. - 
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r j s ing  s t a t e  vectors  o b t a i n e d  f rom GSFC an6 ;4SF'C (see Acknowl- 
edgemen t s )  t h e  p red ic t ea  p o s i t i o n s  o f  tlie S - I V i j  a n a  CSl\l.as 
s e e n  from San F e r n a n d o ,  Spa in  ( u s i n g  t h e  2 r o c e d u r e  s k e t c h e d  
i n  t h e  Ap'pendix) were: 

R i g n t  A s c e n s i o n  305.9622' 
1 .8542 '  3 e c l i n a t i o n  s-IVU: 

R i g h t  A s c e n s i o n  306.0117' 
D e c l i n a t i o n  1. 8220'  CSM : 

?'nest: r e s u l t s  a r e  shown g r a p i i c a l l y  i r ,  F i q u r ?  2 ,  w n i c h  con- 
f i r m s  t h e  i d e n t i f i c a t i o i :  o f  O b j e c t  2 a s  tile S - I V i 3  and  O L I j e c t  3 
as t h e  CSN. The d i f f e r e n c e  be tween  t h e  s t a t e  v e c t o r  and  p h o t o -  
g r a p h i c  p o s i t i o n s  o f  t n e  o b j e c t s  ( r d  7 km) i s  s m a l l  compared to 
t n e  d i s t a n c e  be tween  tile CSZ? and  S-IV5 (s 50 km).  

T h i s  c o n f i r m a t i o n  of  t h e  p r e v i o u s  i d e n t i f i c a t i o n  i s  
i m p o r t a n t  b e c a u s e  i t  h e l p s  show t h a t  t h e  l a r g e  amouxt o f  s ca t -  
t e r c d  l i g h t  n e a r  O b j e c t  2 i s  n c t  r e l e v a n t  t o  tiie p rob len  of 
s t a r  s i g h t i n g s  f rom a mannea s 2 a c e c r a f t  s i n c e  trie s c a t t e r i i i g  
c l o u d  d o e s  n o t  accompany t h e  CSM. A n  i m p o r t a n t  i m p l i c a t i o n  
of t h e  a v a i l a b i l i t y  o f  tile t e c h n i q u e  d e s c r i b e d  here i s  t n a t ,  
i n  c o n j u n c t i o n  w i t h  t h e  c o m p l e t e  ser ies  o f  p h o t o g r a p h s  taker i  
by t h e  S m i t h s o n i a n ,  it might  be u s e d  t o  check  w n e t n e r  tliere 
are any la rge  s y s t e m a t i c  errors i n  S-band s t a t e  vec tors .  
dhether t h i s  u s e  of t h e s e  p h o t o g r a p h s  i s  wor thwi i i l e  n e e d s  
f u r t h e r  s t u d y .  

The a u t h o r  would l i k e  t o  t h a n k  C .  i4cFadden o f  MSFC * 

and  G .  Ba r sky  of GSFC f o r  s u 2 p l y i n g  S - I V i 3  and CSivl s t a t e  vec tors . '  
A l s o ,  i4. K e l l e y  of Bellcomm (Depar tmen t  2 0 1 4 )  g e n e r a t e d  s t a t e  
vectors  f o r  t h e  t i m e  t h e  p i c t u r e  w a s  t a k e n  f rom t n e  ivlSFC anu  
GSI.'C s t a t e  vectors .  .. 

1 0 1 s - d D G - c a w  

A t  t actimen ts 
Appendix 
R e f e r e n c e  
F i g u r e s  1 & 2 

W .  D. Grohnan 
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O u t l i n e  of  t!ic P r o c e d u r e  f o r  O b t a i n i r L j  C e l e s t i a l  C o o r d i n a t e s  
of S-IVU and CSM f rom S t a t e  Vectors and f rom t h e  S m i t h s o n i a n  
P h o t o g r a p h s  I _. - . .  

A. Method of O b t a i n i n g  C e l e s t i a l  C o o r d i n a t e s  of Objec ts  2 
a n d  3 f r o m  S m i t h s o n i a n  Pno tographs  t a k e n  a t  S a n  F e r n a n d o ,  
S p a i n  : 

1. 1 9 5 0  ce les t ia l  c o o r d i n a t e s  of Ob jec t s  2 and 3 were 
g e n e r a t e d  by t h e  S m i t h s o n i a n  by m e a s u r i n g  p o s i t i o n s  
of t n e  objects  w i t n  r e s p e c t  t o  s tars  i n  tile known 
background s t a r f i e l d .  

3 

2 .  R i g h t  A s c e n s i o n  and D e c l i x a t i o n  w e r e  c o r r e c t e d  t o  
a 1969 c o o r d i n a t e  s y s t e m .  (Tne c e l e s t i a l  co- 
o r d i n a t e  s y s t e m  i s  based on t n e  o r i e n t a t i o n  of tile 
ear th  ant.; d r i f t s  a c r o s s  ti12 srcy as t h e  e a r t h  prL- 
cesses, n u t a t e s ,  e t c .  ) 

8. S t a t e  Vec to r -based  C e l e s t i a l  C o o r d i n a t e s  of tile CSX as 
Seen  f rom S a n  F e r n a n d o ,  S p a i n :  

1. The p o s i t i o n  vector  of t h e  CSqI was o b t a i n e d  i n  a 
1969 c o o r d i n a t e  s y s t m  by u s i n g  tne p o s i t i o n  part 
of tlie s t a t e  vec tor  i ta le  ~cmpl l e i c  state v c z t o r  
a l s o  g i v e s  v e l o c i t y ) .  T h i s  vec tor  i s  d e n o t e d  E. " 

2 .  The p o s i t i o n  vec tor  E of San F e r n a n d o ,  S p a i n  a t  

- - _  -18:21:11 u n i v e r s a l  t i m e  on 1 2 / 2 1 / 6 8  w a s  f o u n d .  
T h i s  w a s  done  as f o l l o w s :  

a .  Leng th  of v e c t o r  = 1 e a r t h  r a d i u s .  

b. D e c l i n a t i o n  of E i s  j u s t  9 0 '  - ( l a t i t u d e  of 

San  F e r n a n d o ,  S p a i n ) .  

c. R i g h t  a s c e n s i o n  of 5 i s  t h e  l o c a l  s i d e r e a l  

t i m e  a t  San  Fernando.  

3 .  Find  t h e  vector E-$=?. T h i s  vector  p o i n t s  i n  t h e  

d i r e c t i o n  of t h e  CSM as s e e n  by a n  o b s e r v e r  a t  
San  Fe rnando .  

CSM as s e e n  by an o b s e r v e r  a t  t h e  c e n t e r  of t h e  
e a r t h .  1 

( 8  p o i n t s  i n  t -he d i r e c t i o n  of t h e  
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4 .  Tne d e c l i n a t i o n  of  t h e  CSM as s e e n  f rom San Fe rnando  

i s  t h e n  90’ - cos-’ (Sz/121), w h i l e  t h e  R i g h t  Ascen- 

s i o n  i s  t a n  ( S y / S x ) .  -1 

C. A s i m i l a r  p r o c e d u r e  g i v e s  t h e  c o o r d l n a t e s  o f  t h e  S - I V B  
b a s e d  on t h e  MSFC s t a t e  v e c t o r .  

- -  

T h e r e  are s e v e r a l  s o u r c e s  o f  s m a l l  e r rors  i n  t h e  p r o -  
c e d u r e  o u t l i n e d  above. These  errors  combine t o  c a u s e  t h e  
d i f f e r e n c e s  be tween  s t a t e  vector p o s i t i o n s  and  measured  p o s i -  
t i o n s  shown i n  F i g u r e  2 .  Some o f  t h e  e r rors  t h a t  have  been 
i d e r i t i f  i e d  a re  l i s t e d  below: 

A. Zr rors  i n  t h e  S m i t h s o n i a n  A s t r o p h y s i c a l  O b s e r v a t o r y - b a s e d  
c o o r d i n a t e s  

1. Er ro r s  i n  m e a s u r i n g  s t a r  p o s i t i o n s .  T h e s e  s h o u l d  be 
no  more t h a n  a few seconds o f  a r c  and a re  n e g l i g i K J l e .  

2. D i f f e r e n t i a l  re f rac t io i - , .  T i i i s  e r r o r  o c c u r s  b e c a u s e  
some o f  t h e  f i d u c i a l  s t a r s  on tiie Baker-Iiunii p l a t e s  
h a v e  b e e n  r e f r a c t e d  by  tiie a tmospl ie re  t o  a d i f f e r e n t  
d e g r e e  t h a n  o t h e r  ones. S i n c e  t n e  c o o r d i n a t e s  of 
Objec ts  2 and 3 are measured r e l a t i v e  t o  t h e s e  s t a r s ,  
t h i s  c a u s e s  a n  error i n  t h e  n e a s u r e d  c o o r d i n a t e s .  
T n i s  error c a n  be s i g n i f i c a n t  i n  t h e  -photograph i n  
q u e s t i o n .  

3 .  Errors  i n  t r a n s f e r r i n g  tile 1950 c o o r d i n a t e s  obtai_r ied 
from t h e  S m i t h s o n i a n  t o  1969 c o o r d i n a t e s .  T n i s  

. t r a n s f o r m a t i o n  i s  l a r g e r  t h a n  t h e  sca le  o f  F i g u r e  2 ,  
and t h u s  s m a l l  er-rors- i n  it a-r-e s i g n i f i c a n t .  I n d e e d ,  
I o n l y  used  a f i r s t  o r d e r  t r a n s f o r m a t i o n  which d i d  
n o t  a c c o u n t  f o r  n u t a t i o n ,  i r r e g u l a r i t i e s  i n  t h e  
e a r t h ’ s  m o t i o n ,  t h e  chang ing  l e n g t h  o f  t h e  d a y ,  e t c .  

4 .  Dimens iona l  i n s t a b i l i t y  i n  t h e  f i l m .  

B.  S y s t e m a t i c  e r rors  i n  t h e  s t a t e  v e c t o r s  

These  are  p r o b a b l y  t oo  s m a l l  t o  a c c o u n t  f o r  
t h e  r e m a i n i n g  d i s c r e p a n c i e s  i n  F i g u r e  2 ,  a s  f a r  as t h e  CS:r, 
i s  c o n c e r n e d .  The S - I V B  s t a t e  v e c t o r  i s  n o t  as a c c u r a t e  as 
tile o n e  f o r  t h e  CSM b e c a u s e  i t  w a s  o b t a i n e d  f rom r e a l  time 
t e l e m e t r y  f r o m  t h e  I U  r a t h e r  t h a n  f rom S-band t r a c k i n g .  
can  e x p l a i n  t h e  p o o r e r  ag reemen t  i n  t h e  case o f  t h e  S-IVb: com- 
pared t o  t h e  CSM. 

T h i s  
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A .  C. B u f f a l a n o  and d .  D.  Grobman, "Smi thsonian  Pi lotographs 
of  Apollo 8 Vented Gas C loud , "  Bel lcorm :,lernorandum f o r  
File, Februa ry  6 ,  1 9 6 9 .  
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